Previous reports on the boron nutrition of citrus have been concerned chiefly with deficiency and toxicity responses (2, 3, 5, 6, 8, 9) . The objective of the present study was to maintain trees at different levels of boron between these two extremes and to observe any differences that occurred in regard to general growth pattern, mineral composition of the leaves, and fruiting behavior.
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Materials and methods Twelve young Valencia orange trees which were budded on Rough lemon stock, were planted into 50-gallon containers on April 28, 1947. The containers were perforated in the bottom and filled with a very fine, white quartz sand. These units were depressed in soil for nearly their full length. The capillary contact with the subsoil induced good drainage and permitted good root development throughout the container. A complete nutrient solution, described by HOAGLAND and ARNON (5), was applied twice weekly for the first month. By May 28 the trees all showed new growth and were assigned treatments in four blocks of three trees each. The rate of boron used in the nutrient feeding was the only differential variable for the succeeding three years. The lowest boron level was that which was supplied as impurities in the C.P. salts and the lake water used as a water source. During the second year of growth obvious boron deficiency symptoms (9) appeared at this lowest level and boron was thereafter applied at the rate of 0.01 p.p.m. A medium boron level of 0.5 p.p.m. and a high of 2.0 p.p.m.
were maintained as the other two treatments.
After 18 months the basal nutrient solution was modified as follows: P lowered from 31 to 10 p.p.m.; K from 235 to 180 p.p.m.; Mg increased from 47 to 72 p.p.m.; and the micro-nutrients, Mn, Zn, and Cu increased five-fold over the relatively low levels recommended for the Hoagland solution.
Solution was applied twice weekly throughout the period of study at the rate of 2 liters per application for the first year, 2i liters for the second year, and 3 liters during the third. Water was applied between nutrient feedings in amounts that induced leaching.
Leaf samples were collected each year and analyzed for various major elements, as previously described (11) . The mico-nutrient elements were determined by A.O.A.C. methods (1) , with the exception of Fe, which was determined spectrographically.
In general, excellent growth was made by all trees. The size attained was equal to or greater than identical trees growing in soil adjacent to the plots. All growth was nearly normal in appearance except that the lowboron trees showed mild deficiency symptoms in the foliage (9) during the fall months of the second year, and the high-boron trees showed mild toxicity symptoms of occasional tip burn and yellow spots (2) throughout the test period. These symptoms were more pronounced during 1948, when the mean total boron content in dry leaf samples was 386 p.p.m., than in 1949 and 1950 when it was about 265. The high-boron trees showed some tendency toward forming a less compact top than the others. They had fewer, but larger, branches and a more open character. The mean tree size was nearly identical in all three treatments, as is indicated by the cross-sectional trunk area measurements in table I.
The leaf samples collected on the first three and last sampling dates shown in table I were mature spring-flush leaves. A broad range in the boron concentration within the leaf was induced and maintained. This range was over 24-fold in the summer of 1948 and over 10-fold in the summers of 1949 and 1950. The differences in the other elements in these mature samples are relatively small. Phosphorus tends to be present in slightly greater concentrations when boron is low. Such a relationship has previously been found with sunflowers (6) .
Three samplings were made from young leaves which were developing in the fall at the time that a crop of fruit was maturing. Under these conditions the difference in the P concentration was greater than with mature leaves, although the difference appeared to diminish as the leaf approached maturity. The concentrations of the three base elements, K, Ca, and Mg were also influenced in these younger leaves. When boron was supplied in a very limited amount Mg had a tendency to enter the leaf in greater amounts, and reciprocally, K in lesser amounts. Calcium appears to have been depressed at the highest boron level. Here again it appears that these differences are perhaps temporary and tend to diminish as the leaf grows older.
Nitrogen, manganese, copper, iron, and zinc do not appear to have been influenced in any way by the variation in boron supply. Sodium was determined on the same collections for which iron values are shown and showed no differences which were attributable to the rate of boron supply.
From 10 to 15 pounds of oranges were produced by each tree during 1949. These were picked and analyzed on February 6, 1950 . No systematic differences were found in the yield, fruit size, rind thickness, juice content, or percentage of total soluble solids and citric acid in the juice. The only difference that was consistent in all four replications was a reduction in the ascorbic acid content of the juice in the low-boron trees. This treatment averaged 49.8 mg. per 100 ml., as against 57.0 and 54.9 for the mediumand high-boron treatments, respectively, a response which may be indirectly attributable to the boron supply, however, and more closely associated with the higher level of phosphorus in the low-boron trees. The last relationship was found to exist under orchard conditions when the leaf phosphorus was increased without changing the boron status of the trees (10).
The literature on boron nutrition shows several instances with various plants of a lack of growth response to a differential supply of this element between the limits of deficiency and toxicity levels. The present limited study with Valencia oranges seems to provide no exception to that rule. Apparently normal trees can be grown with very limited applications of boron if this element is supplied at frequent intervals. Likewise, applications of boron in amounts which produce mild toxicity symptoms do not seem to interfere appreciably with the functioning of the plant. The evidence presented is the first to show the relatively small effect of rather large variations in the boron content ( 
Summary
Young Valencia orange trees were grown for three years in large outdoor sand cultures on complete nutrient solutions that varied differentially only in the amount of boron. Three rates of boron were applied to single-tree plots. The plots were replicated four times.
No difference in tree size resulted from the differential treatments. Rather large differences in the boron content of the leaves were induced. The low-boron plants showed mild foliage deficiency symptoms during the second year but not in the first or third years of growth. The high-boron plants showed slight leaf symptoms of toxicity throughout the three-year period.
Mature leaves showed virtually no differences in mineral composition other than the 10-to 24-fold difference in boron. Phosphorus tended to be present in slightly greater concentration in the presence of low boron.
